Chemical context
Diels-Alder reactions of vinylpyrroles with maleimides have been studied as a method to form substituted indole compounds (Noland et al., 2009; Xiao & Ketcha, 1995) . Related reactions have been done with other heterocycles (Abarca et al., 1985; Jones et al., 1984; Noland et al., 1983) . Diels-Alder reactions between vinylheterocycles and dienophiles are useful for forming fused ring systems that may have biological activity or versatility in natural product synthesis (Booth et al., 2005; Kanai et al. 2005; Nagai et al. 1993; Noland & Pardi, 2005) .
The hydroperoxide title compound (I) (Fig. 1 ) was isolated after performing a Diels-Alder reaction between N-tosyl-2-vinylpyrrole (Settambolo et al., 1997) and N-phenylmaleimide ISSN 1600-5368
Figure 1
The molecular structure of (I) with displacement ellipsoids drawn at the 50% probability level.
(commercially available). An analogous compound was proposed, though not isolated, as an intermediate for an alcohol product obtained from a similar reaction (Eitel & Pindur, 1988) . No analogous hydroperoxides have been claimed from reactions of 2-vinyl -pyrroles, -indoles, -thiophenes, or -benzothiophenes. There are a few examples of hydroperoxides isolated from Diels-Alder reactions between 2-vinylfuran or 2-vinylbenzofuran and dienophiles, but the products were not crystallographically categorized (Brewer & Elix, 1975; Kotsuki et al., 1981; Skoric et al., 2001 ).
Structural commentary
The N-phenyl, S-phenyl, and pyrrolo rings are individually planar within 0.009, 0.011, and 0.010 Å , respectively. The Nphenyl ring (C7-C11) is twisted 58.3 (2) out of plane from the imido moiety (C5, N2, C12, Figs. 2 and 4). The cyclohexene ring has a half-chair conformation with C14 out of plane in the direction anti-to the S-tolyl group (Figs. 2 and 4), which is bent 85.4 (2) out of plane with the pyrrolo ring, giving the molecule an overall L-or J-shape.
Supramolecular features
Interlocking pairs are aligned such that the axis of the S-tolyl group (C21) points toward the face of the cyclohexene ring (C3, C14, C15, Fig. 3 ). Hydrogen-bonded dimers form between H4O and O2 ( Hydrogen-bonded dimers, viewed along [100] . Hydrogen bonds (O2, O4) are shown in turquoise. Also apparent are the twisting of N-phenyl rings (C5, N2, C8, C9), and the half-chair conformation of the cyclohexene ring (C4, C14, lower molecule).
Figure 5
The two tolyl-stacked pairs from 4 (2) between the pyrrolo and N-phenyl planes.
Database survey
The structures shown in Fig. 8 represent the cores of most compounds that could be obtained by Diels-Alder reactions of the type that gave title compound (I), using nitrogen heterocyclic dienes and dienophiles. Searching these substructures found six entries in the current database (Cambridge Structural Database, Version 5.35, November 2013; Allen 2002) . Only two of these were synthesized by cycloadditions of this type [a combretastatin derivative (Ty et al., 2010) ; carbazomycin B (Beccali et al., 1996) ]. Upon expanding the search to include any combination of heteroatoms at nitrogen and oxygen sites, seven additional entries were found, all within or closely related to the caesalmin family of furanoditerpenoid antivirals (i.e., Rodrigues et al., 2004; Jiang et al., 2002) . Of 13 total entries, none was found containing sulfur atoms. Ten exhibit intermolecular hydrogen bonding, but only two of them are tandem-bonded dimers [pyrimidinone carbonyl to carboxylic acid (Obushak et al., 2011) ; succinimide dimerization between N-H and a carbonyl oxygen (Beccali et al., 1996) ]. None of these structures resembles that of compound (I).
Synthesis and crystallization
N-Tosyl-2-vinylpyrrole (458 mg) and N-phenylmaleimide (272 mg) were dissolved in chloroform (1.5 ml) and stirred for 72 h at room temperature in a vessel open to air. Column chromatography on silica gel (1:1 hexane:ethyl acetate, R f = 0.30), followed by recrystallization from dichloromethanepetroleum ether (b.p. 311-333 K) gave compound (I) as colourless plates (17 mg, 2.4%, m.p. 425-426 K). Safety Note: Hydroperoxides, particularly those bearing an -proton (e.g., H15, Fig. 1 ), can be shock-or heat-sensitive and detonate violently (Francisco, 1993) . Although sensitivity tests on our batch of title compound (I) were negative, appropriate precautions should be taken when reproducing or extending Table 1 Hydrogen-bond geometry (Å , ). 
Figure 6
Edge-to-face stacks of S-tolyl and N-phenyl rings, and hydrogen-bonded (turquoise) dimerization, viewed slightly off [001] .
Figure 7
The endo face of pyrrole rings (N1, C1, C2) neighboring the edge of an Nphenyl ring (C10, C11) of an adjacent molecule of the same enantiomer, viewed along [414] .
Figure 8
Substructures used for the database survey.
our work with (I) or similar compounds. Metal tools, glass or metal storage vessels, high oxygen-or nitrogen-to-carbon ratios, and large scales should all be avoided. The bulk of product should be kept in solution, with small aliquots being allowed to dry only as necessary.
Refinement
A direct-methods solution was calculated which provided most non-hydrogen atoms from the E-map. Full-matrix leastsquares/difference Fourier cycles were performed, which located the remaining non-hydrogen atoms. All non-hydrogen atoms were refined with anisotropic displacement parameters. All hydrogen atoms except for H4O were placed in ideal positions and refined as constrained atoms with U iso (H n ) = 1.2U eq (C n ), except for the methyl group, where U iso (H21 i ) = 1.5U eq (C21). The bond lengths (Å ) specified for C-H hydrogens were 0.93 (aryl), 0.96 (methyl), 0.97 (methylene), and 0.98 (methine). H4O was found from the difference Fourier map and refined with U iso (H4O) = 1.2U eq (O4) and an O-H bond length of 0.82 Å . The final full-matrix least-squares refinement converged to R1 = 0.0364 and wR2 = 0.1161 (F 2 , all data). Crystal data, data collection and structure refinement details are summarized in Table 2 . 
Tritch Computing details
Data collection: SMART (Bruker, 2001 ); cell refinement: SAINT (Bruker, 2003) ; data reduction: SAINT (Bruker, 2003 );
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: Mercury (Macrae et al., 2008) ; software used to prepare material for publication:
SHELXL97 (Sheldrick, 2008) , enCIFer (Allen et al., 2004) , and publCIF (Westrip, 2010 ).
(±)-(3aR,5R,8bR)-5-Hydroperoxy-2-phenyl-6-tosyl-4,5,6,8b-tetrahydropyrrolo[3,4-e]indole-1,3(2H,3aH)-dione
Crystal data 
Special details
Experimental. The space group P-1 was determined based on systematic absences and intensity statistics. 
